The article considers the methodological aspects of application of statistical and information modeling to assess the performance of the institutional crisis management systems; proposes institutional attributes necessary to evaluate the performance; contains a conceptual model for evaluating the quality of the institutional crisis management system; suggests methods of estimation of the performance, efficiency and sustainability indicators, and discusses the possible directions of its further application to explore the issues of institutionalization of crisis management systems.
Introduction
Research in the theory of artificial intelligence and information, expert systems, game theory, probability and statistical solutions, mathematical statistics, statistical recognition theory is very important for the formation of methodological basic principles at the development of methods for evaluating the performance of the institutional system of crisis management. Despite the in-depth research in the field of mathematical logic, statistical and information modeling of these studies, objective difficulties occur in the economy with regard to building algorithms and programming processes of recognition of institutional attributes of a crisis management system. These difficulties are related primarily to the limited linear nature of formalization at building the models, as a model plausibly displays the logical connection of object attributes, their informational value, but is not capable of adequate representation of its semantic correlations.
The assumption is methodologically justified that within the framework of the processes of institutionalization everything happening within an enterprise is important for understanding how and under which laws and regulations the distribution of resources outside the enterprise takes place. This assumption extends the systemic economic content of the general institutional approach to understanding the processes of crisis management (Auzan, 2010) . With this approach, the crisis directly determines crisis management as a system of activities of particular institutional forms characterized by institutional attributes and indicators that exist over time, as the temporary basis and criteria for decision-making change in the circumstances of the anti-crisis program implementation.
The methodological approaches to evaluating the effectiveness of institutional systems of crisis management proposed in this study are based on the principles of system analysis, information modeling, and statistical analysis of system performance.
Methodology of the research

The Main Theoretical Concepts Defining the Principles for Evaluating the Effectiveness of the Institutional System of Crisis Management
syntactical information measure as an information quantity measure. Other information measures were applied at evaluating the value of its institutional attributes (Polanyi, 1944) The information gathered was processed using statistical methods: grouping, index and graphic plotting of time series. The results of processing were subjected to further analysis, which allowed describing the cause-and-effect relationships, on which the model of a particular crisis is based.
To construct such a predictive model, we used mainly three groups of forecasting methods complementing each other:
-Questioning, which reveals the opinion of the population or experts. This method is used in cases where the cause-and-effect relationship cannot be described analytically, i.e. using equations. Such methods, in particular, include the Delphi method, which is a series of sequential procedures for preparation and justification of a forecast, and the method of "brainstorming", when the decision is the product of collective work of experts in the course of a meeting held according to certain rules; -Extrapolation, i.e. expectation of continuation of the future trends of processes represented in the form of time series of their indicators based on developed models of the regressive type. Extrapolation methods used are in the cases when information about the past is available in sufficient quantity and is based on the hypothesis of retention of previous tendencies; -Analytical modeling, i.e. building a model that reflects the internal and external correlation of market factors. It is used when information about the past is scarce. However, there are some hypothetical ideas that allow developing a model and, on this basis, assessing the depth and duration of crisis phenomena (Information resources of the region: the principles of formation, organization, and specific structure, 2000)
Let us assume that there is a system of forecast states of the institutional system of crisis management, which includes n states. Then, according to the results of information processing, it is possible to determine the statistical probability of occurrence of this state of effectiveness of the institutional system i R .
Accordingly, the uncertainty of the system of possible outcomes of operation of the institutional system will be determined by the entropy value:
where:
is theentropy of the institutional system performance;
is the a priori probability of the performance of a particular institution of the system i R ;
As is known, institutional systems that combine equally probable outcomes of their activity have the maximum entropy. The entropy of such an institutional system consisting of n equally probable states can be defined as:
For example, in the case of equally probable outcomes of operation of the institutional systems in the circumstances of a crisis and typology of economic crises, the value n = 20 (Information resources of the region: the principles of formation, the organization, and specific structure, 2000). The value of entropy of such an institutional system will be equal to:
3) The entropy of the institutional system of crisis management will decrease in the case of entry of a certain amount of new or additional information to it, of both internal and external nature. At that, the amount of incoming information is comparable to the difference between the entropy of the institutional system before and after its receipt and can be expressed as follows (Kirdina, 2007) :
is the amount of information introduced into the system of the performance of the institutional system R by the institutional attribute i k ;
is the uncertainty of the performance of the institutional system prior to the entry of the information (initial entropy);
is the uncertainty of the performance of the institutional system after receipt of the information by the attribute i k .
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The value of the contributed information
can be considered the information value of a specific institutional attribute i k with respect to the performance of this institution of the institutional system i R , which reduces the entropy of the institutional system of crisis management as a whole.
The functional weight of a certain institutional attribute can be either a positive or a negative value, i.e. either reduce or increase the effectiveness of the institution and the entire institutional system of crisis management. The results of operation of one institution of crisis management, which has the highest institutional value, may be of significant importance and have high value for another institution of the system.
In accordance with the above, the total institutional value of the system by the institutional attribute can be estimated by the amount of information received as a result of monitoring the economy (Information resources of the region: the principles of formation, the organization and specific structure, 2000) The institutional weight of a simple attribute for the entire group of attributes of the institutional system is equal to:
Using this relation, we can determine the optimal choice of the number of bits of an attribute. If the number of bits is increased, the institutional value of an attribute increases, and at the same time, the sampling size grows. In other words, the amount of information is almost predetermined, and we have only to build an optimal institutional (organizational) process of its accumulation.
Analyzing the opinions of experts in the field of adaptive effectiveness of institutions (Istomin, 2011; Sukharev, 2005; 2002; 2008; Petrosyan, 2007) , we have proposed the following institutional attributes of the system (Table  1) , which may be adopted for evaluation of their institutional value. We need to take into account the fact that the institutional value of a certain attribute depends on its previous value, or the process dynamics. Using the concept of conditional probability, the information weight of availability of the Yth interval of the institutional attribute 2 k for the performance of a particular institution i R if the jth interval of the attribute is present 1 k , can be defined as:
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Accordingly, provided the bit j of the attribute is present, 1 k taking into account all the possible outcomes of the institutional system as a whole for the attribute 2 k , the information value of the attribute 2 k will be equal to:
-quantitative expression of the information value of the attribute 2 k .
In assessing the effectiveness of institutional systems, it is necessary to compare their institutional values (performance) and the amount of costs for each institutional attribute 1 k . In this case, the cost value j С is understood as a set of all types of costs for the provision of information of a particular institution of the crisis management system (Balatsky, 2007; Kiselev & Shagieva, 2011) .
In accordance with this, we should take the following coefficient of efficiency by the attribute as a criterion for evaluating the effectiveness of the institutional system 1 k :
-the information value of the institutional attribute;
 j C -the sum of the coefficients of the costs for providing a specific institution of the crisis management system with information. It is obvious that the coefficient of efficiency will have the maximum value if the amount of information ) ( i k IR is obtained at the lowest costs for its receipt.
Then, it becomes possible to compare the level of costs for collecting, archiving, processing, transmitting information through information and communication technologies in the system of crisis management institutions with the level of its effectiveness (see Figure 1) . Figure 1 . Dependence of the costs, the entropy, and the effectiveness of an institutional system of crisis management
On the left vertical of the proposed plot, the performance indicator of the institutional crisis management system (R) is shown over time. The right vertical represents the value of entropy of the institutional crisis management system (U).
Thus, with increasing awareness of the institutional crisis management system and the decreasing level of its entropy, the costs for its acquisition grow, and simultaneously the overall efficiency of the system improves. However, at a certain point of achievement of a certain limit of the growth of costs for obtaining information and www.ccsenet.org/ass Asian Social Science Vol. 11, No. 14; 2015 the minimum value of entropy, the effectiveness of the crisis management system ceases to improve and remains in a stable position. All this indicates the existence of marginal costs for reduction of the system entropy, when the growth of costs for achieving it is not justified by the absence of the dynamic improvement of the performance of individual institutions or the entire institutional system of crisis management.
Specification of the Stages of the Effectiveness Evaluation of the Institutional System of Crisis Management
The developed technique of evaluating the effectiveness of the institutional crisis management system involves the following sequence of stages of its implementation:
-identification of an object's belonging to a particular class or group of objects; -identification of differences of the diagnosed object from the objects of its class by comparing its actual specifications to the core indicators; -determination of permissible deviations from the core indicators; -development of a technique of formation of institutional norms as the core indicators.
The generalization of all previously considered theoretical propositions was the decision to obtain statistical estimates of the quality of the institutional system of crisis management as a total of its following three components -effectiveness, efficiency, and sustainability (Kiselev & Shagieva 2014; Kume, 2006) . The conceptual statistic model of assessment of the quality of the institutional crisis management system represented in Table 2 was developed in accordance with the existing logic of effective business process management (Skripko, 2010) .
Implementation of this approach requires additional specification of institutional attributes, shown in Table 1 , in terms of their conditional division into the performance and resource attributes of the institutional system of crisis management. Accordingly, the selected performance attributes were actually taken as the targets of the system operation (Table 3) . The ratio of the actual (achieved) and planned levels of targets 2. Effectiveness The ratio between the result achieved and the resources used
The equity ratio of the achieved values of resource components of the achieved values of the targets 3. Stability
Retaining the ability to achieve a result within the established goals and resources Equity ratio of the reached values of the development indicators of the system and its maximum values Vol. 11, No. 14; 2015 In accordance with the previously determined conceptual statistical model, we initially were to determine the effectiveness of the system by the ratio of the actual targets with the planned baselines: The overall performance indicator of the system was represented as the geometric mean of the obtained values
where n is the number of targets (in this case n=8).
The second component (efficiency) was expressed through the value of the difference between the standard deviations of the performance values of the resource and target attributes (by the absolute value):
where k=1 to K -it is the number of consolidated groups of resource attributes of the system.
In this case, three consolidated groups were separated from the six institutional resource attributes: the financial component (the indicators -e I , f I and h I ), the organization and structure component (the indicators m I and s I ), and the labor input -w I .
The consolidated groups of resource indicators were singled out in order to identify the imbalance between the resulting states of the system and its input factors in terms of statistical evaluation of variation (scatter) (Balatsky, 2007) . This statement does not exclude the possibility in future to expand the range of resource indicators by combining them in other groups of indicators characterizing the initial state of the system.
In this case, estimates of the variation in each of the three consolidated groups of institutional resource attributes were obtained: 
As a result, the overall assessment of the effectiveness of the institutional system of crisis management was expressed as:
where RES σ is the standard deviation value in terms of effectiveness and
www.ccsenet.org/ass Asian Social Science Vol. 11, No. 14; 2015 The stability property, which is the third component of the proposed conceptual statistic model of assessment of the institutional system operation quality, was suggested to express through the considered earlier characteristic of the entropy of its performance (Maslova & Mekhantseva, 2010; Aleksandrovskaya, 2014) . As the maximum entropy will correspond to an institutional system, in which all the observed performance values will be distributed evenly, i.e. have equal probability values, the stability property was assessed through the entropy of the system by the observed values of the nearly maximum performance: In terms of practical usage, the suggested model should provide opportunities for studying the three components of the model over time.
At that, we decided to provide calculation of the first component -the performance -under the same principle, namely, as the geometric mean of all the performance indicators of the system with the only difference that the values calculation requires providing totals for the series of periods.
When calculating the second component, we can proceed to the concept of evaluating the effectiveness of relations between the target and resource indicators of the institutional system of crisis management:
where l=1 to L -it is the number of significant empirical correlation ratios l η obtained by analysis of variance of dependencies between the observed performance indicators of the institutional system ( According to the standard statistical procedure, under the rule of addition of variances, the empirical correlation ratio is defined as the ratio of between-group variance (characterizing variability of the selected performance indicator of the system ( 
where 2 σ is the total variance, 2 yx σ is the intergroup variance, 2 σ is the medium of the intra-group variances (it characterizes the variance of values of the measure R i I under the influence of random factors).
Such an analysis requires building analytical groups, in which the all-time values of the selected indicator for the resource attribute performance are divided into groups at certain intervals, and for each resulting group the average value of the observed indicator of the system performance is calculated ( R i I ). Thus, the set of all possible combinations of the system performance attributes and effectiveness of the resource attributes are set.
Traditionally, at the practical interpretation of the values of empirical correlation ratio, the neighboring relationship is estimated by the degree of approximation of the value η to one. The closer the obtained value η to one is, the stronger the correlation ratio between the analyzed attributes is. However, the statistical significance of the importance of the correlation by the value η with account of the sampling size is determined www.ccsenet.org/ass Asian Social Science Vol. 11, No. 14; 2015 by Fisher's statistical test, according to which the neighboring relationship is substantial and statistically significant if the ratio of the estimated value of the Fisher criterion is greater than the critical (table) value at the set 5% level of significance (Haken, 1991; Stengers & Prigozhin, 1986) .
As is well known, the calculated value by the Fisher test is defined as the ratio of intergroup and intragroup variances estimates:
Thus, despite the fact that the final performance indicator EFF I accounts only significant correlations, and, consequently, the system efficiency will be higher if the value EFF I is closer to one, the identification of minor correlations will contribute to taking appropriate corrective management decisions to improve the efficiency of using the resource components of the institutional system.
The third property of the considered system was suggested to be regarded over time as stable connection. In this case, the calculation technique using entropy values actually remains the same, but the values of entropy should be calculated with account of the communications correlations significant by their closeness: 
Results
The institutional system assumes varying the alternative projects for the company to overcome the crisis or prevent it, which requires appropriate information support that would objectively reflect the real processes in the system. Therefore, the institutional system should be treated as an institution of stable correlation between their functional content and its verified performance. Consequently, the institutional system of crisis management has a definite logic of the operation expressed in the following sequence of actions: -with a high degree of probability, the achievement of the assigned goal can be guaranteed, as a result of the effective operation of the institutional system of crisis management.
The implementation of a systematic approach, statistical modeling, and analysis of the correlations of the key parameters of the system is an essential condition of identifying the synergistic effects in the interaction of elements of the institutional system of crisis management (Minashkin, 2012; Shuman & Bulmer, 2004) . With this approach, it is possible not only to establish what the outcome of the system is and how well it is achieved, but also to predict achievement of the result and its effectiveness in the next period through the sustainability of correlations in the system. On the other hand, identification of significant correlation ratios will facilitate priority allocation of management efforts in regulation of exactly those correlations, which have potential synergistic effect.
Analysis of stability of the correlations can be the basis for the development of strategies of the institutional system development. The presence of stable correlations indicates the possibility of adjusting the strategy, since there is a change in the responsiveness of target states of the system depending on a particular resource component.
Discussion
The proposed approach to the estimation of the development quality of the institutional system of crisis management in the concept of unity of the three components -efficiency, effectiveness, and sustainability -and in view of its development over time with further transition to the analysis of the key significant correlations in the system can be implemented both globally and regionally. In the latter case, the analysis of correlations becomes even more valuable in terms of accounting the institutional singularities and the institutional originality of the regional systems at the development of adequate strategic decisions and programs for the development of meso-level institutional systems of crisis management.
It should be noted that the specification of the proposed institutional attributes of the system of crisis management could be adjusted to reflect the dynamics of institutional transformations, as the cyclical development of the institutional system of crisis management is accompanied by emergence of its new, specific qualities.
However, the implementation of the proposed approach will be possible only in dealing with the organization of statistical accounting of the aggregate institutional attributes at the relevant levels (country, region). To obtain reliable statistical estimates for the proposed model, one should have a database of dynamic rows for the suggested institutional attributes (at least for 5 years).
Conclusion
Thus, the identification and study of specific properties of information and its role in the process of institutionalization of crisis management, and techniques for assessing the effectiveness, efficiency, and sustainability of the institutional system of crisis management allow us to formulate certain conclusions:
-the continuous process of bankruptcy, liquidation, restructuring, and simultaneous emergence of new enterprises evidences a constant process of renewal and growth of information flows, which significantly raises the significance of the information value of the institutional attributes of the structural institutions of the institutional system of crisis management as a whole; -the high entropy of the market macro environment of enterprises significantly reduces the manageability, the level of information monitoring of the changes in the situation development, and the probability of forecasting; -the constant threat of crisis conditions determines the selection and amplification of prognostic, anti-crisis, warning functions of crisis management institutions in relation to the stabilization of the economic development of enterprises.
In addition, one of the most promising directions in the information support of the institutional system of crisis management is the expert assessment of the financial position of enterprises and the bankruptcy procedures, the results of which are the information-analytical framework for adaptation of the institutions of the crisis management system. Certain generalization of the institutional theory is required in order to synthesize the diversity of approaches to assessing the role of the institutional component in the development of the financial and economic state of an enterprise, its organizational structure, and management system. This is especially important when evaluating complex objects, when you need to rely on adaptive, learning and self-learning systems.
